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According to this brazing method, a first base member
having a non-plated surface, a metal layer for functioning as
a diffusion barrier layer, a brazing foil, and a second base
member having a surface are arranged in this order so that
the non-plated surface of the first base member and the
surface of the second base member are faced with each
other. The first base member and the second base member
are brazed by using the brazing foil. The cost of providing
a diffusion barrier layer between the first base member and
the brazing foil is thereby reduced.
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1
BRAZING METHOD

TECHNICAL FIELD

The present invention relates to a brazing method and a
method of making a combustion chamber of a rocket engine.

BACKGROUND ART

A method of making a combustion chamber of a rocket
engine disclosed in Patent Literature 1 will be explained. In
this method of making the combustion chamber of the rocket
engine, brazing is used. The method of making the com-
bustion chamber of the rocket engine includes following
steps. A coolant liner is produced. The coolant liner is made
of copper alloy. A plurality of coolant fluid channels are
formed in an outer surface of the coolant liner. At least two
throat supports are produced. A structural jacket having a
manifold is produced. The throat supports and the structural
jacket are made of stainless steel. The coolant liner is plated
with gold. The throat supports and the structural jacket are
plated with nickel. The throat supports are assembled around
the outer surface of the coolant liner, and a combustion
chamber assembly is produced by inserting the throat sup-
ports and the coolant liner into the structural jacket. Here, a
brazing alloy foil is inserted among the coolant liner, the
throat supports, and the structural jacket. The coolant fluid
channels are closed out by forming a sealing joint (not
shown) between the coolant liner and the structural jacket.
The combustion chamber assembly is placed into a pressur-
ized furnace (not shown). By pressurizing in the furnace, the
coolant liner, the throat supports and the structural jacket are
brought into contact with each other. By heating the com-
bustion chamber assembly, the coolant liner, the throat
supports and the structural jacket are bonded while pressur-
izing in the furnace. The manifold of the structural jacket
and the coolant fluid channels are connected.

Patent Literature 2 discloses a method of making a
combustion chamber of a rocket engine. In this method,
brazing by hot iso-static pressing process (HIP brazing) is
performed.

CITATION LIST
Patent Literature

Patent Literature 1: U.S. Pat. No. 5,701,670A
Patent Literature 2: Japanese Patent Application Publication
JP2004-169702A

SUMMARY OF THE INVENTION

The present invention may provide a brazing method and
a method of making a combustion chamber of a rocket
engine, which can reduce costs for providing a diffusion
barrier layer between a base member and a brazing foil.

According to the first aspect of the method, the method
includes a step of arranging a first base member having a
non-plated first surface, a metal layer serving as a diffusion
barrier layer, a brazing foil, and a second base member
having a second surface in order of the first base member,
the metal layer, the brazing foil, and the second base member
so that the non-plated first surface of the first base member
and the second surface of the second base member are faced
with each other, and a step of brazing the first base member
and the second base member using the brazing foil.
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Since it is not necessary to form the metal layer, which
serves as the diffusion barrier layer, on the first base member
by plating, a large-size plating bath for plating the first base
member is not required. Therefore, the costs for providing
the diffusion barrier layer are reduced.

In the step of arranging the first base member, the metal
layer, the brazing foil, and the second base member, a
laminated body may be disposed between the first base
member and the second base member. The laminated body
includes the brazing foil and the metal layer coupled to the
brazing foil.

There may be a plurality of the laminated bodies. In the
step of disposing the first base member, the metal layer, the
brazing foil, and the second base member, the plurality of
laminated bodies are arranged along the non-plated first
surface and the second surface.

By using the plurality of laminated bodies, a size of each
laminated body can be reduced. Therefore, making of the
laminate body is easy.

The brazing method may further include a step of making
the laminated body by forming the metal layer on a surface
of the brazing foil by electroplating.

The brazing method may further include a step of making
the laminated body by forming the metal layer on a surface
of the brazing foil by sputtering.

The brazing method may further include a step of making
the laminated body by press-bonding a metal foil for form-
ing the metal layer to the brazing foil.

In the step of arranging the first base member, the metal
layer, the brazing foil, and the second base member, the
metal layer may be a first metal foil.

Since the metal layer is the metal foil, plating process,
sputtering process, and the press-bonding process for the
brazing foil are not necessary.

The second surface may be a non-plated surface. In the
step of arranging the first base member, the metal layer, the
brazing foil, and the second base member, a second metal
foil serving as another diffusion barrier layer may be dis-
posed between the brazing foil and the second base member.
A material of the second metal foil may be different from a
material of the first metal foil.

Placing the metal foils of different materials from each
other on both sides of the brazing foil is easier than forming
the metal layers of different materials from each other on
both sides of the brazing foil by plating, etc.

According to the second aspect of the method, the method
of making the combustion chamber of the rocket engine
includes a step of arranging a first base member having a
non-plated first surface, a metal layer serving as a diffusion
barrier layer, a brazing foil, and a second base member
having a second surface in order of the first base member,
the metal layer, the brazing foil, and the second base member
so that the non-plated first surface of the first base member
and the second surface of the second base member are faced
with each other, and a step of brazing the first base member
and the second base member using the brazing foil.

Since it is not necessary to form the metal layer, which
serves as a diffusion barrier layer, on the first base member
by plating, a large-size plating bath for plating the first base
member is not required. Therefore, the costs for providing
the diffusion barrier layer are reduced.

A coolant channel serving as a flow passage of coolant
fluid may be formed in the non-plated first surface.

Since it is not necessary to form the metal layer, which
serves as the diffusion barrier layer, on the first base member
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by plating, masking the coolant channel for preventing the
flow passage from being blocked by the mass of the plating
material is not required.

According to the present invention, the brazing method
and the method of making the combustion chamber of the
rocket engine, which can reduce the costs for providing the
diffusion barrier layer between the base member and the
brazing foil, are provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a junction in a brazing
method according to a comparative example of the present
invention;

FIG. 2 is a cross-sectional view of another junction in a
brazing method according to the comparative example of the
present invention;

FIG. 3 is a cross-sectional view of a junction in a brazing
method according to the first embodiment of the present
invention;

FIG. 4 is a cross-sectional view of another junction in the
brazing method according to the first embodiment;

FIG. 5 is a schematic diagram illustrating a method of
making a laminated body used in the brazing method
according to the first embodiment;

FIG. 6 is a schematic diagram illustrating another method
of making the laminated body used in the brazing method
according to the first embodiment;

FIG. 7 is a schematic diagram illustrating still another
method of making the laminated body used in the brazing
method according to the first embodiment;

FIG. 8 is a cross-sectional view of a junction in a brazing
method according to a first modification of the first embodi-
ment;

FIG. 9 is a cross-sectional view of a junction in a brazing
method according to a second modification of the first
embodiment;

FIG. 10 is a cross-sectional view of a junction in a brazing
method according to the second embodiment of the present
invention;

FIG. 11 is a cross-sectional view of a junction in a brazing
method according to a first modification of the second
embodiment;

FIG. 12A is an assembly view of a combustion chamber
of a rocket engine according to the first and second embodi-
ments;

FIG. 12B is a cross-sectional view of the combustion
chamber of the rocket engine according to the first and
second embodiments;

FIG. 13A is a cross-sectional photograph of the junction
according to the comparative example;

FIG. 13B is a cross-sectional photograph of the junction
according to the first embodiment.

FIG. 14 shows the results of tensile test of the junction
according to the comparative example and tensile test of the
junction according to the first embodiment.

DESCRIPTION OF EMBODIMENTS

To help understand the effects of a brazing method and a
method of making a combustion chamber of a rocket engine
according to the present invention, firstly, a brazing method
according to a comparative example of the present invention
will be explained below.

Comparative Example

FIG. 1 shows a state of a junction (a part to be brazed)
before brazing by the brazing method according to the
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comparative example of the present invention. As shown in
FIG. 1, a brazing foil 231 is disposed between a base
member 10 and a base member 15, which are to be brazed.
Note that a surface 11 of the base member 10 and a surface
16 of the base member 15 are faced with each other. A shape
of the base member 10 and a shape of the base member 15
are optional. The surface 11 and the surface 16 may be
curved or in a plane. A metal layer 232 which serves as a
plating layer is formed on the surface 11. The base member
10 is made of magnesium alloy, aluminum alloy, titanium
alloy, iron alloy, cobalt alloy, nickel alloy, copper alloy, pure
magnesium, pure aluminum, pure titanium, pure iron, pure
cobalt, pure nickel, or pure copper. The brazing foil 231 is
made of cobalt-based brazing material, nickel-based brazing
material, copper-based brazing material, palladium-based
brazing material, silver-based brazing material, or gold-
based brazing material. The metal layer 232 is made of
nickel, copper, gold, alloy composed mainly of nickel, alloy
composed mainly of copper, or alloy composed mainly of
gold. A material of the base member 15 is different from a
material of the base member 10. Thickness of the brazing
foil 231 is 10~200 um, and thickness of the metal layer 232
is 5~20 um.

The base member 10 and the base member 15 are brazed
using the brazing foil 231 by heating in a state where the
metal layer 232 on the surface 11 of the base member 10
contacts with the brazing foil 231 and the brazing foil 231
contacts with the surface 16 of the base member 15. During
brazing, since components of the base member 10, compo-
nents of the metal layer 232, and components of the brazing
foil 231 are diffused, a boundary of the base member 10 and
the metal layer 232 becomes unclear and a boundary of the
metal layer 232 and the brazing foil 231 becomes unclear.
During brazing, since the components of the brazing foil 231
and components of the base member 15 are diffused, a
boundary of the brazing foil 231 and the base member 15
becomes unclear. Note that in case that temperature of
reaction of the components of the brazing foil 231 and the
components of the base member 10 is low or diffusion speed
of the components of the brazing foil 231 in the base
member 10 is fast, there is a possibility that defects or a
weakened layer, which causes a decrease in the mechanical
strength of the junction, is created unless the reaction of the
base member 10 and the brazing foil 231 during brazing is
suppressed to some extent. The metal layer 232 serves as a
diffusion barrier layer, which suppresses to some extent the
reaction of the base member 10 and the brazing foil 231
during brazing. That is, a material of the metal layer 232 is
selected according to the material of the base member 10 and
the material of the brazing foil 231.

FIG. 2 shows a state of another junction (a part to be
brazed) before brazing by the brazing method according to
the comparative example. As shown in FIG. 2, a brazing foil
231 is disposed between a base member 20 and a base
member 25, which are to be brazed. Note that a surface 21
of the base member 20 and a surface 26 of the base member
25 are faced with each other. A shape of the base member 20
and a shape of the base member 25 are optional. The surface
21 and the surface 26 may be curved or in a plane. A plurality
of grooves 22 are formed in the surface 21. A metal layer
232, which serves as a plating layer, is formed on a portion
of the surface 21 except a portion which corresponds to the
plurality of grooves 22. The base member 20 is made of
magnesium alloy, aluminum alloy, titanium alloy, iron alloy,
cobalt alloy, nickel alloy, copper alloy, pure magnesium,
pure aluminum, pure titanium, pure iron, pure cobalt, pure
nickel, or pure copper. The brazing foil 231 is made of
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cobalt-based brazing material, nickel-based brazing mate-
rial, copper-based brazing material, palladium-based braz-
ing material, silver-based brazing material, or, gold-based
brazing material. The metal layer 232 is made of nickel,
copper, gold, alloy composed mainly of nickel, alloy com-
posed mainly of copper, or alloy composed mainly of gold.
A material of the base member 25 is different from a material
of the base member 20.

The base member 20 and the base member 25 are brazed
using the brazing foil 231 by heating in a state where the
metal layer 232 on the surface 21 of the base member 20
contacts with the brazing foil 231 and the brazing foil 231
contacts with the surface 26 of the base member 25. During
brazing, since components of the base member 20, compo-
nents of the metal layer 232, and components of the brazing
foil 231 are diffused, a boundary of the base member 20 and
the metal layer 232 becomes unclear and a boundary of the
metal layer 232 and the brazing foil 231 becomes unclear.
During brazing, since the components of the brazing foil 231
and components of the base member 25 are diffused, a
boundary of the brazing foil 231 and the base member 25
becomes unclear. Note that in case that temperature of
reaction of the components of the brazing foil 231 and the
components of the base member 20 is low or diffusion speed
of the components of the brazing foil 231 in the base
member 20 is fast, there is a possibility that defects or a
weakened layer, which causes a decrease in the mechanical
strength of the junction, is created unless the reaction of the
base member 20 and the brazing foil 231 during brazing is
suppressed to some extent. The metal layer 232 serves as a
diffusion barrier layer which suppresses to some extent the
reaction of the base member 20 and the brazing foil 231
during brazing. That is, a material of the metal layer 232 is
selected according to the material of the base member 20 and
the material of the brazing foil 231.

Problems of the brazing method according to the com-
parative example will be explained. In case that the surface
11 and 21 is a curved surface such as a cylindrical surface
or area of the surface 11 and 21 is large, controlling
thickness of the metal layer 232 in forming the metal layer
232 by plating is difficult. In case that size of the base
member 10 and 20 is large, it requires a large-size plating
bath and a large amount of a bath solution. Then, equipment
costs and running costs for plating become high. In case that
the metal layer 232 is formed on the base member 20 by
electroplating without masking the grooves 22, there is a
possibility that a mass of the plating material is formed in a
corner portion of the grooves 22. In case that flow passages
corresponding to the grooves 22 are formed by brazing the
base member 25 to the base member 20, the mass of the
plating material clogs at least partially the flow passages. In
case that the grooves 22 should not be plated as described
above, a step of filling the masking material in the grooves
22 before forming the metal layer 232 on the surface 21 of
the base member 20 by plating and a step of removing the
masking material after having formed the metal layer 232
are required.

Next, with reference to the drawings, a brazing method
and a method of making a combustion chamber of a rocket
engine according to embodiments of the present invention
will be described below.

First Embodiment

FIG. 3 shows a state of a junction (a part to be brazed)
before brazing based on a brazing method according to the
first embodiment of the present invention. With reference to
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FIG. 3, the brazing method according to the first embodi-
ment, which is applied to base members of a first sample,
will be explained. As shown in FIG. 3, a laminated body 30
is disposed between a base member 10 and a base member
15, which are to be brazed. The laminate body 30 includes
a brazing foil 31 and a metal layer 32 coupled to the brazing
foil 31. Note that the base member 10, the metal layer 32, the
brazing foil 31 and the base member 15 are arranged in this
order, and a surface 11 of the base member 10 and a surface
16 of the base member 15 are faced with each other. The
Surface 11 is a non-plated surface. The brazing foil 31 is
made of cobalt-based brazing material, nickel-based brazing
material, copper-based brazing material, palladium-based
brazing material, silver-based brazing material, or, gold-
based brazing material. The metal layer 32 is made of nickel,
copper, gold, alloy composed mainly of nickel, alloy com-
posed mainly of copper, or alloy composed mainly of gold.
Thickness of the brazing foil 31 is 10~200 um, and thickness
of the metal layer 32 is 5~20 um. For example, the thickness
of'the brazing foil 31 is 50 um, and the thickness of the metal
layer 32 is 10 um.

The base member 10 and the base member 15 are brazed
using the brazing foil 31 by heating in a state where the
surface 11 of the base member 10 contacts with the metal
layer 32 and the brazing foil 31 contacts with the surface 16
of the base member 15. Note that HIP brazing method may
be applied or another brazing method may be applied.
During brazing, since components of the base member 10,
components of the metal layer 32, and components of the
brazing foil 31 are diffused, a boundary of the base member
10 and the metal layer 32 becomes unclear and a boundary
of the metal layer 32 and the brazing foil 31 becomes
unclear. During brazing, since the components of the brazing
foil 31 and components of the base member 15 are diffused,
a boundary of the brazing foil 31 and the base member 15
becomes unclear. Note that in case that reaction temperature
of'the components of the brazing foil 31 and the components
of the base member 10 is low or diffusion speed of the
components of the brazing foil 31 in the base member 10 is
fast, there is a possibility that defects or a weakened layer,
which causes a decrease in the mechanical strength of the
junction, is created unless the reaction of the base member
10 and the brazing foil 31 during brazing is suppressed to
some extent. The metal layer 32 serves as a diffusion barrier
layer which suppresses to some extent the reaction of the
base member 10 and the brazing foil 31 during brazing. That
is, a material of the metal layer 32 is selected according to
the material of the base member 10 and the material of the
brazing foil 31.

With reference to FIG. 4, the brazing method according to
the first embodiment, which is applied to base members of
a second sample, will be explained. As shown in FIG. 4, a
laminated body 30 is disposed between a base member 20
and a base member 25, which are to be brazed. Note that the
base member 20, the metal layer 32, the brazing foil 31 and
the base member 25 are arranged in this order, and a surface
21 of the base member 20 and a surface 26 of the base
member 25 are faced with each other. The Surface 21 is a
non-plated surface. Note that in the surface of the base
member 20, which faces to the base member 25, grooves 22
are formed by cuts or notches. The grooves 22 may be
formed in a comb shape.

The base member 20 and the base member 25 are brazed
using the brazing foil 31 by heating in a state where the
surface 21 of the base member 20 contacts with the metal
layer 32 and the brazing foil 31 contacts with the surface 26
of the base member 25. Note that HIP brazing method may
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be applied or another brazing method may be applied.
During brazing, since components of the base member 20,
components of the metal layer 32, and components of the
brazing foil 31 are diffused, a boundary of the base member
20 and the metal layer 32 becomes unclear and a boundary
of the metal layer 32 and the brazing foil 31 becomes
unclear. During brazing, since the components of the brazing
foil 31 and components of the base member 25 are diffused,
a boundary of the brazing foil 31 and the base member 25
becomes unclear. Note that in case that temperature of
reaction of the components of the brazing foil 31 and the
components of the base member 20 is low or diffusion speed
of the components of the brazing foil 31 in the base member
20 is fast, there is a possibility that defects or a weakened
layer, which causes a decrease in the mechanical strength of
the junction, is created unless the reaction of the base
member 20 and the brazing foil 31 during brazing is sup-
pressed to some extent. The metal layer 32 serves as a
diffusion barrier layer which suppresses to some extent the
reaction of the base member 20 and the brazing foil 31
during brazing. That is, a material of the metal layer 32 is
selected according to the material of the base member 20 and
the material of the brazing foil 31.

With Reference to FIG. 5, a method of making the
laminated body 30 will be described. The metal layer 32 is
formed by electroplating. The brazing foil 31 includes a
surface 31a and a surface 315 opposite the surface 31a. The
surface 315 is covered with material 45 for preventing
plating. DC power supply 43 is connected to the brazing foil
31 and the electrode 44 immersed in a bath solution 42 in a
plating bath 41, and the metal layer 32 is formed on the
surface 31a. As compared with a case that the base member
10 or 20 is being plated, the plating bath 41 may be
miniaturized and an amount of the bath solution 42 may be
reduced.

With Reference to FIG. 6, another method of making the
laminated body 30 will be described. The metal layer 32 is
formed by sputtering. Particles from a sputtering device 46
are deposited on the surface 314 of the brazing foil 31, while
the sputtering device 46 is being moved along the surface
31a of the brazing foil 31. Hereby, the metal layer 32 is
formed.

With Reference to FIG. 7, still another method of making
the laminated body 30 will be described. A metal foil for
forming the metal layer 32 and the brazing foil 31 are
press-bonded by rollers 47 and 48. Hereby, the laminated
body 30 is produced. The metal foil is press-bonded to the
surface 31a of the brazing foil 31.

Note that the method of making the laminated body 30 is
not limited to the above examples.

Since the metal layer, which serves as the diffusion barrier
layer, is not formed on the base member 10 and 20 by
plating, the brazing method of this embodiment is execut-
able without depending on the shape and size of the base
member 10 and 20. Since the metal layer, which serves as
the diffusion barrier layer, is not formed on the base member
10 and 20 by plating, the brazing method of this embodiment
does not require a large-sized plating bath for plating the
base member 10 and 20. Therefore, costs for making the
diffusion barrier layer (the equipment costs and running
costs) can be reduced. In particular, costs reduction effect is
large in a case of providing a diffusion barrier layer of gold.
Since the metal layer, which serves as the diffusion barrier
layer, is not formed on the base member 20 by plating, a step
of filling the masking material in the grooves 22 formed in
the surface 21 of the base member 20 and a step of removing
the masking material are not required. Since the metal layer
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32 is formed on the brazing foil 31, thickness control of the
metal layer 32 is easy, and various methods such as elec-
troplating, sputtering, press-bonding, etc. are applicable for
forming the metal layer 32.

FIG. 8 shows a state of a junction (a part to be brazed)
before brazing according to a brazing method of a first
modification of the first embodiment, which is applied to the
base members of the first sample. With reference to FIG. 8,
the brazing method according to the first modification of the
first embodiment will be described. As shown in FIG. 8, a
laminated body 35 is disposed between the base member 10
and the base member 15, which are to be brazed. The
laminate body 35 includes the brazing foil 31, the metal
layer 32 coupled to the surface 31a of the brazing foil 31,
and a metal layer 33 coupled to the surface 315 of the
brazing foil 31. Note that the base member 10, the metal
layer 32, the brazing foil 31, the metal layer 33 and the base
member 15 are arranged in this order, and the surface 11 of
the base member 10 and the surface 16 of the base member
15 are faced with each other. The Surfaces 11 and 16 are
non-plated surfaces. The base member 15 is made of mag-
nesium alloy, aluminum alloy, titanium alloy, iron alloy,
cobalt alloy, nickel alloy, copper alloy, pure magnesium,
pure aluminum, pure titanium, pure iron, pure cobalt, pure
nickel, or pure copper. The metal layer 33 is made of nickel,
copper, gold, alloy composed mainly of nickel, alloy com-
posed mainly of copper, or alloy composed mainly of gold.
Thickness of the metal layer 33 is 5~20 um. For example,
the thickness of the metal layer 33 is 10 um. Note that
temperature of reaction of the components of the brazing foil
31 and the components of the base member 15 is low or
diffusion speed of the components of the brazing foil 31 in
the base member 15 is fast.

The base member 10 and the base member 15 are brazed
using the brazing foil 31 by heating in a state where the
surface 11 of the base member 10 contacts with the metal
layer 32 and the metal layer 33 contacts with the surface 16
of the base member 15. Note that HIP brazing method may
be applied or another brazing method may be applied.
During brazing, since components of the base member 10,
components of the metal layer 32, and components of the
brazing foil 31 are diffused, a boundary of the base member
10 and the metal layer 32 becomes unclear and a boundary
of the metal layer 32 and the brazing foil 31 becomes
unclear. During brazing, since the components of the brazing
foil 31, components of the metal layer 33, and components
of the base member 15 are diffused, a boundary of the
brazing foil 31 and the metal layer 33 becomes unclear and
a boundary of the metal layer 33 and the base member 15
becomes unclear. As described above, the metal layer 32
serves as the diffusion barrier layer which suppresses to
some extent the reaction of the base member 10 and the
brazing foil 31 during brazing. The metal layer 33 serves as
the diffusion barrier layer which suppresses to some extent
the reaction of the base member 15 and the brazing foil 31
during brazing. That is, a material of the metal layer 33 is
selected according to the material of the base member 15 and
the material of the brazing foil 31. The material of the base
member 15 may be different from or the same as the material
of the base member 10. In case that the material of the base
member 15 is the same as the material of the base member
10, the material of the metal layer 33 is preferably the same
as the material of the metal layer 32. Note that the laminated
body 35 may be made by forming the metal layer 32 on the
surface 31a of the brazing foil 31 by electroplating and
forming the metal layer 33 on the surface 315 of the brazing
foil 31 by electroplating. Note that the laminated body 35
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may be made by forming the metal layer 32 on the surface
31a of the brazing foil 31 by sputtering and forming the
metal layer 33 on the surface 315 of the brazing foil 31 by
sputtering. Note that the laminated body 35 may be made by
press-bonding the metal foil for forming the metal layer 32
on the surface 31a of the brazing foil 31 and press-bonding
the metal foil for forming the metal layer 33 on the surface
3156 of the brazing foil 31.

Regarding to the base members of the second sample, in
case that temperature of reaction of the components of the
brazing foil 31 and the components of the base member 25
is low or diffusion speed of the components of the brazing
foil 31 in the base member 25 is fast, the laminated body 35
instead of the laminated body 30 is used in plating the base
member 20 and the base member 25. The base member 25
is made of magnesium alloy, aluminum alloy, titanium alloy,
iron alloy, cobalt alloy, nickel alloy, copper alloy, pure
magnesium, pure aluminum, pure titanium, pure iron, pure
cobalt, pure nickel, or pure copper. As described above, the
metal layer 32 serves as the diffusion barrier layer which
suppresses to some extent the reaction of the base member
20 and the brazing foil 31 during brazing. The metal layer 33
serves as the diffusion barrier layer which suppresses to
some extent the reaction of the base member 25 and the
brazing foil 31 during brazing. That is, the material of the
metal layer 33 is selected according to the material of the
base member 25 and the material of the brazing foil 31. The
material of the base member 25 may be different from or the
same as the material of the base member 20. In case that the
material of the base member 25 is the same as the material
of the base member 20, the material of the metal layer 33 is
preferably the same as the material of the metal layer 32.

FIG. 9 shows a state of a junction (a part to be brazed)
before brazing according to a brazing method of a second
modification of the first embodiment. As shown in FIG. 9,
the brazing method according to the second modification of
the first embodiment will be described. In this modification,
as shown in FIG. 9, the plating is performed while a plurality
of the laminated bodies 30 are disposed between the base
member 10 and the base member 15, which are to be brazed.
The plurality of laminated bodies 30 are arranged along the
surface 11 and the surface 16. According to this modifica-
tion, since the size of each laminated body can be minia-
turized, the manufacture of laminated bodies 30 is facili-
tated. For example, in case of making laminated bodies 30
by electroplating, the plating bath 41 may be a small size and
the amount of the bath solution 42 may be a small amount.
Therefore, the equipment costs and running costs for making
the laminated bodies can be reduced. Note that the plating
may be performed while a plurality of the laminated bodies
35 are disposed between the base member 10 and the base
member 15 in a state where the plurality of laminated bodies
35 are arranged along the surface 11 and the surface 16. Note
that the plating may be performed while the plurality of
laminated bodies 30 are disposed between the base member
20 and the base member 25 in a state where the plurality of
laminated bodies 30 are arranged along the surface 21 and
the surface 26. Note that the plating may be performed while
the plurality of laminated bodies 35 are disposed between
the base member 20 and the base member 25 in a state where
the plurality of laminated bodies 35 are arranged along the
surface 21 and the surface 26.

Second Embodiment

FIG. 10 shows a state of a junction (a part to be brazed)
before brazing by a brazing method according to the second
embodiment of the present invention.
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With reference to FIG. 10, the brazing method according
to the second embodiment will be described. As shown in
FIG. 10, a brazing foil 37 and a metal layer 38 are disposed
between a base member 10 and a base member 15, which are
to be brazed. The metal layer 38 is a metal foil, and the metal
layer 38 is not coupled to the brazing foil 37. Note that the
base member 10, the metal layer 38, the brazing foil 37, and
the base member 15 are arranged in this order, and a surface
11 of the base member 10 and a surface 16 of the base
member 15 are faced with each other. The Surface 11 is a
non-plated surface. A material of the brazing foil 37 is the
same as a material of the brazing foil 31. Thickness of the
brazing foil 37 is 10~200 um, and thickness of the metal
layer 38 is 5~20 um. For example, the thickness of the
brazing foil 37 is 50 um, and the thickness of the metal layer
38 is 10 pm.

The base member 10 and the base member 15 are brazed
using the brazing foil 37 by heating in a state where the
surface 11 of the base member 10 contacts with the metal
layer 38, the metal layer 38 contacts with the brazing foil 37
and the brazing foil 37 contacts with the surface 16 of the
base member 15. Note that HIP brazing method may be
applied or another brazing method may be applied. During
brazing, since components of the base member 10, compo-
nents of the metal layer 38, and components of the brazing
foil 37 are diffused, a boundary of the base member 10 and
the metal layer 38 becomes unclear and a boundary of the
metal layer 38 and the brazing foil 37 becomes unclear.
During brazing, since the components of the brazing foil 37
and components of the base member 15 are diffused, a
boundary of the brazing foil 37 and the base member 15
becomes unclear. Note that in case that temperature of
reaction of the components of the brazing foil 37 and the
components of the base member 10 is low or diffusion speed
of'the components of the brazing foil 37 in the base member
10 is fast, there is a possibility that defects or a weakened
layer, which causes a decrease in the mechanical strength of
the junction, is created unless the reaction of the base
member 10 and the brazing foil 37 during brazing is sup-
pressed to some extent. The metal layer 38 serves as a
diffusion barrier layer which suppresses to some extent the
reaction of the base member 10 and the brazing foil 37
during brazing. That is, a material of the metal layer 38 is
selected according to the material of the base member 10 and
the material of the brazing foil 37.

Note that the brazing method according to this embodi-
ment may be applied to the brazing of the base members 20
and 25 of the second sample.

Since the metal layer, which serves as the diffusion barrier
layer, is not formed on the base member 10 and 20 by
plating, the brazing method of this embodiment is execut-
able without depending on the shape and size of the base
member 10 and 20. Since the metal layer, which serves as
the diffusion barrier layer, is not formed on the base member
10 and 20 by plating, the brazing method of this embodiment
does not require a large-sized plating bath and a large
amount of a bath solution for plating the base member 10
and 20. Therefore, costs for making the diffusion barrier
layer (the equipment costs and running costs) can be
reduced. Since the metal layer, which serves as the diffusion
barrier layer, is not formed on the base member 20 by
plating, a step of filling the masking material in the grooves
22 formed in the surface 21 of the base member 20 and a step
of removing the masking material are not required. Since the
metal layer 38 is the metal foil, thickness control of the metal
layer 38 is easy. According to this embodiment, plating
process, sputtering process and press-bonding process for
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the brazing foil 37 are not required. Since the plating process
is not required, masking when plating is not also required.

FIG. 11 shows a state of a junction (a part to be brazed)
before brazing according to a brazing method of a first
modification of the second embodiment. With reference to
FIG. 11, the brazing method according to the first modifi-
cation of the second embodiment will be described. As
shown in FIG. 11, the metal layer 38, the brazing foil 37 and
a metal layer 39 are disposed between the base member 20
and the base member 25, which are to be brazed. The metal
layer 39 is a metal foil, and the metal layer 39 is not coupled
to the brazing foil 37. Note that the base member 20, the
metal layer 38, the brazing foil 37, the metal layer 39 and the
base member 25 are arranged in this order, and the surface
21 of the base member 20 and the surface 26 of the base
member 25 are faced with each other. The surfaces 21 and
26 are non-plated surfaces. The base member 25 is made of
magnesium alloy, aluminum alloy, titanium alloy, iron alloy,
cobalt alloy, nickel alloy, copper alloy, pure magnesium,
pure aluminum, pure titanium, pure iron, pure cobalt, pure
nickel, or pure copper. The metal layer 39 is made of nickel,
copper, gold, alloy composed mainly of nickel, alloy com-
posed mainly of copper, or alloy composed mainly of gold.
Thickness of the metal layer 39 is 5~20 um. For example,
the thickness of the metal layer 39 is 10 um. Note that
temperature of reaction of the components of the brazing foil
37 and the components of the base member 25 is low or
diffusion speed of the components of the brazing foil 37 in
the base member 25 is fast.

The base member 20 and the base member 25 are brazed
using the brazing foil 37 by heating in a state where the
surface 21 of the base member 20 contacts with the metal
layer 38, the metal layer 38 contacts with the brazing foil 37,
the brazing foil 37 contacts with the metal layer 39 and the
metal layer 39 contacts with the surface 26 of the base
member 25. Note that HIP brazing method may be applied
or another brazing method may be applied. During brazing,
since components of the base member 20, the components of
the metal layer 38, and the components of the brazing foil 37
are diffused, a boundary of the base member 20 and the
metal layer 38 becomes unclear and a boundary of the metal
layer 38 and the brazing foil 37 becomes unclear. During
brazing, since the components of the brazing foil 37, com-
ponents of the metal layer 39, and components of the base
member 25 are diffused, a boundary of the brazing foil 37
and the metal layer 39 becomes unclear and a boundary of
the metal layer 39 and the base member 25 becomes unclear.
The metal layer 38 serves as the diffusion barrier layer which
suppresses to some extent the reaction of the base member
20 and the brazing foil 37 during brazing. The metal layer 39
serves as the diffusion barrier layer which suppresses to
some extent the reaction of the base member 25 and the
brazing foil 37 during brazing. That is, a material of the
metal layer 39 is selected according to the material of the
base member 25 and the material of the brazing foil 37. The
material of the base member 25 may be different from or the
same as the material of the base member 20. In case that the
material of the base member 25 is the same as the material
of the base member 20, the material of the metal layer 39 is
preferably the same as the material of the metal layer 38.

Note that the brazing method according to this embodi-
ment may be applied to the brazing of the base members 10
and 15.

According to this modification of this embodiment, even
if the material (component) of the metal layer 38 is different
from the material (component) of the metal layer 39, it is
possible to dispose metal foils of different materials (com-
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ponents) on different sides of the brazing foil 37, respec-
tively. Therefore, the brazing method according to this
modification is easier than the brazing method using the
laminated body 35 including the metal layer 32 and the
metal layer 33 in case that the material (component) of the
metal layer 32 and the material (component) of the metal
layer 33 are different with each other. The brazing method
according to this modification is easier than the brazing
method using laminated body 35 including the metal layer
32 and the metal layer 33 produced by electroplating or
sputtering in case that the material (component) of the metal
layer 32 and the material (component) of the metal layer 33
are different with each other.

The brazing method according to any one of above
described embodiments can be applied to the manufacture of
a combustion chamber of a rocket engine. For example, as
shown in FIG. 12A, by using the brazing method according
to any one of above described embodiments, it is possible to
braze two throat supports 105 with each other, braze throat
supports 105 and a coolant liner 103, or braze a structural
jacket 101 and the coolant liner 103. FIG. 12B is a cross-
sectional view of the combustion chamber of the rocket
engine. In case that the base member 20 is the coolant liner
103, the grooves 22 become fluid passages for flowing
coolant fluid by brazing the base member 25 to the base
member 20. The size of a component of the rocket engine
combustion chamber is a large. Therefore, if the brazing
method according to any one of above described embodi-
ments is applied, costs are greatly reduced compared to the
case that the metal layer, which serves as the diffusion
barrier layer, is formed on the component by plating.

(The Comparison Result Between the Junction According to
the Comparative Example and the Junction According to the
First Embodiment)

Next, the result of quality comparison between the junc-
tion according to the comparative example and the junction
according to the first embodiment will be described. The
junction according to the comparative example is formed by
the brazing method shown in FIG. 1. Note that a gold plating
layer 232, which serves as a diffusion barrier layer, is formed
on the surface 11 and a nickel plating layer is formed on the
surface 16 for improving wettability of the base member 15.
The junction according to the first embodiment is formed by
the brazing method shown in FIG. 3. Note that the brazing
foil 31, on which a gold plating layer 32 is formed, is used
and a nickel plating layer is formed on the surface 16 for
improving wettability of the base member 15. Cross-sec-
tional photographs of the junction according to the com-
parative example and the junction according to the first
embodiment were taken. Tensile tests of the junction accord-
ing to the comparative example and the junction according
to the first embodiment were performed.

With reference to the cross-sectional photograph of the
junction according to the comparative example as shown in
FIG. 13A and the cross-sectional photograph of the junction
according to the first embodiment as shown in FIG. 13B,
defects could not be found in both the junction according to
the comparative example and the junction according to the
first embodiment.

With reference to FIG. 14, results of the tensile tests of the
junction according to the comparative example and the
junction according to the first embodiment will be
explained. The tensile strength of the junction according to
the comparative example was equivalent to the tensile
strength of the junction according to the first embodiment
under experimental temperature both 23 degrees Celsius and
377 degrees Celsius.



US 9,427,817 B2

13

Therefore, difference in the quality between the junction
according to the comparative example and the junction
according to the first embodiment was not observed.

Though the brazing method and the method of making the
combustion chamber of the rocket engine according to the
present invention have been described above with reference
to the embodiments, the brazing method and the method of
making the combustion chamber of the rocket engine
according to the present invention are not limited to the
above embodiments.

Various modifications may be made to the above embodi-
ments. A matter disclosed in an embodiment mentioned
above, and a matter disclosed in another embodiment men-
tioned above, can be combined. The brazing method accord-
ing to the present invention may be applied for making a
product other than the combustion chamber of the rocket
engine.

It should be noted that this application claims a priority
based on Japan Patent Application No. JP 2012-041047 filed
on Feb. 28, 2012, and the disclosure thereof is incorporated
herein by reference.

The invention claimed is:

1. A brazing method comprising:

arranging a first base member having a non-plated first

surface, a metal layer serving as a diffusion barrier
layer, a brazing foil, and a second base member having
a second surface in order of the first base member, the
metal layer, the brazing foil, and the second base
member, wherein the non-plated first surface of the first
base member and the second surface of the second base
member face each other; and

brazing the first base member and the second base mem-

ber using the brazing foil,

wherein the arranging comprises contacting the first base

member with the metal layer, contacting the metal layer
with the brazing foil, and contacting the brazing foil
with the second base member,
wherein the brazing comprises heating in a state where the
first base member contacts with the metal layer, the
metal layer contacts with the brazing foil, and the
brazing foil contacts with the second base member,

wherein the metal layer is not bonded to the first base
member before the brazing of the first base member and
the second base member,

wherein the brazing foil is made of cobalt-based brazing

material, nickel-based brazing material, copper-based
brazing material, palladium-based brazing material,
silver-based brazing material, or gold-based brazing
material,

and wherein a thickness of the metal layer is 5 pm to 20

pm.
2. The brazing method according to claim 1, further
comprising:
making a laminated body comprising the brazing foil and
the metal layer coupled to the brazing foil before the
first base member contacts with the metal layer,

wherein the arranging of the first base member, the metal
layer, the brazing foil, and the second base member
comprises arranging the laminated body between the
first base member and the second base member.

3. The brazing method according to claim 2, wherein the
laminated body comprises a plurality of laminated bodies,
and wherein the arranging of the first base member, the
metal layer, the brazing foil, and the second base member
comprises arranging the plurality of laminated bodies
between the first base member and the second base member
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so that the plurality of laminated bodies are disposed along
the non-plated first surface and the second surface.
4. The brazing method according to claim 2, further
comprising:
making the laminated body by forming the metal layer on
a surface of the brazing foil by electroplating.
5. The brazing method according to claim 2, further
comprising:
making the laminated body by forming the metal layer on
a surface of the brazing foil by sputtering.
6. The brazing method according to claim 2, further
comprising:
making the laminated body by press-bonding a metal foil
for forming the metal layer to the brazing foil.
7. The brazing method according to claim 1, wherein the
metal layer is a first metal foil.
8. A method of making a combustion chamber of a rocket
engine comprising:
arranging a first base member having a non-plated first
surface, a metal layer serving as a diffusion barrier
layer, a brazing foil, and a second base member having
a second surface in order of the first base member, the
metal layer, the brazing foil, and the second base
member, wherein the non-plated first surface of the first
base member and the second surface of the second base
member face each other; and
brazing the first base member and the second base mem-
ber using the brazing foil,
wherein a coolant channel serving as a flow passage of
coolant fluid is formed in the non-plated first surface,
wherein the brazing foil is made of cobalt-based brazing
material, nickel-based brazing material, copper-based
brazing material, palladium-based brazing material,
silver-based brazing material, or gold-based brazing
material,
wherein the metal layer is not bonded to the first base
member before the brazing of the first base member and
the second base member,
and wherein a thickness of the metal layer is 5 um to 20

9. A brazing method comprising:

arranging a first base member having a non-plated first
surface, a first metal foil serving as a diffusion barrier
layer, a brazing foil, a second metal foil serving as a
diffusion barrier layer and a second base member
having a non-plated second surface in order of the first
base member, the first metal foil, the brazing foil, the
second metal foil, and the second base member,
wherein the non-plated first surface of the first base
member and the non-plated second surface of the
second base member face each other; and

brazing the first base member and the second base mem-
ber using the brazing foil,

wherein the arranging comprises contacting the first base
member with the first metal foil, contacting the first
metal foil with the brazing foil, contacting the brazing
foil with the second metal foil, and contacting the
second metal foil with the second base member,

wherein the brazing comprises heating in a state where the
first base member contacts with the first metal foil, the
first metal foil contacts with the brazing foil, the
brazing foil contacts with the second metal foil, and the
second metal foil contacts with the second base mem-
ber,

wherein a material of the first metal foil is different from
a material of the second metal foil,
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wherein the first metal foil has a different composition
from the second metal foil, and
wherein the brazing foil is made of cobalt-based brazing
material, nickel-based brazing material, copper-based
brazing material, palladium-based brazing material,
silver-based brazing material, or gold-based brazing
material,
wherein the first metal foil and the second metal foil are
not bonded to the first base and the second base
member, respectively, before the brazing of the first
base member and the second base member,
and wherein a thickness of the first metal foil is 5 pm to
20 um and a thickness of the second metal foil is 5 pm
to 20 pum.
10. The method of making the combustion chamber of the
rocket engine according to claim 8, wherein the flow passage
is formed between the first base member and the metal layer.
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